We study Grand Unified SU (5) × SU (5) ′ model supplemented by D 2 parity. The D 2 greatly reduces the number of parameters and is important for phenomenology. The model, we present, has various novel and interesting properties. Due to specific pattern of the GUT symmetry breaking and emerged strong dynamics at low energies, the Standard Model leptons, along with right handed/sterile neutrinos, come out as composite states. The generation of the charged fermion and neutrino masses are studied within considered scenario. Moreover, the issues of gauge coupling unification and nucleon stability are investigated in details. Various phenomenological implications are also discussed.
Introduction
The Standard Model (SM) of electro-weak interactions has been very successful theory for decades. Triumph of this celebrated model occured by the Higgs boson discovery [1] at CERN's Large Hadron Collider. In spite of this success, several phenomenological and theoretical issues motivate to think of some physics beyond the SM. Due to renormalization running, the self-coupling of the SM Higgs boson becomes negative at scales near ∼ 10 10 GeV [2] , [3] (with the Higgs mass≃ 126 GeV), causing vacuum instability. Moreover, the SM fails to accommodate atmospheric and solar neutrino data [4] . Renormalizable part of the SM interactions render neutrinos to be massless. Also, Planck scale suppressed d = 5 lepton number violating operators do not generate neutrino mass with desirable magnitude. These are already strong motivations to think about some new physics between EW and Planck scales.
Amongst various extensions of the SM, the Grand Unification (GUT) [5] , [6] is leading candidate. Unifying all gauge interactions in a single group, at high energies one can deal with a single unified gauge coupling. At the same time, quantization of quark and lepton charges occures by embedding all fermionic states in unified GUT multiplets. Striking prediction of the Grand Unified Theory is the baryon number violating nucleon decay. This opens prospect for probing the nature at very short distances. GUTs based on SU(10) symmetry [7] (including SU(2) L ×SU(2) R ×SU(4) c symmetry [5] as a maximal subgroup) involve right handed neutrinos (RHN), which provide simple and elegant way for neutrino mass generation via see-saw mechanism [8] . In spite of these salient futures, GUT model building encounter numerous problems and phenomenological difficulties. With single scale breaking, i.e. with no new interactions and/or intermediate states between EW and GUT scales, GUTs (such as minimal SU (5) or SO(10)) do not lead to successful gauge coupling unification. Besides this, building GUT with realistic fermion sector, understanding GUT symmetry breaking pattern and avoiding too rapid nucleon decay remain great challenge.
Motivated by these issues we consider SU(5) × SU (5) ′ GUT augmented with D 2 parity (exchange symmetry). The latter, relating two SU(5) gauge factors, greatly reduces number of parameters, and at and above the GUT scale one deals with single gauge coupling. The GUTs with SU (5)×SU (5) ′ symmetry, considered in earlier works [9] , where at least one gauge factor of the SM symmetry emerges as a diagonal subgroup, have been proven to be very successful for building models with realistic phenomenology. However, to our knowledge, the D 2 parity has not been applied before in such constructions. 2 The reason could be the prejudice of remaining with extra unwanted chiral matter states in the spectrum. However, within our model due to specific construction, this does not happen and only the states of SM survive below few·TeV scale. The D 2 parity also plays crucial role for other phenomenology and has interesting implications. By specific pattern of the SU(5) × SU (5) ′ symmetry breaking and spectroscopy, the successful gauge coupling unification is obtained. Interestingly, within considered framework the SM leptons emerge as a composite states, while the quarks are fundamental objects. Lepton mass generation occurs by new mechanism, finding natural realization within presented model. Since leptons and quarks have different footing, there is no problem of their mass degeneracy (unlike to minimal SO (10) and SU(5) GUTs requiring some extensions [10] ). Moreover, along with composite SM leptons, model involves three families of composite SM singlet fermionic states, which may be identified with RHNs or sterile neutrinos. Thus, neutrino masses can be generated. In addition, we show that due to specific fermion pattern, the d = 6 nucleon decay can be adequately suppressed within considered model. The model also has various interesting properties and implications, which we also discuss.
The paper is organized as follows: In the next section, first we introduce the SU (5)×SU (5) ′ ×D 2 GUT and discuss the symmetry breaking pattern. Then we present the spectrum of bosonic states. In Sect. 3, considering the fermion sector, we give transformation properties of the GUT matter multiplets under D 2 parity and build Yukawa interaction Lagrangian. The latter is responsible for generation of quark masses and CKM matrix elements. Due to specific pattern of the symmetry breaking and strong SU (3) ′ (originating from SU(5) ′ gauge symmetry) dynamics, the SM leptons emerge as composite objects. We present novel mechanism for composite lepton mass generation. Together with the SM leptons, three families of right handed/sterile neutrinos are composite. We also discuss the neutrino mass generation within our scenario. In Sect. 4 we give details of gauge coupling unification. The issue of nucleon stability is addressed in Sect. 5. Although the GUT scale within our model comes out to be relatively low (≃ 5 · 10 11 GeV), we show that the d = 6 baryon number violating operators can be adequately suppressed. This happens to be possible due to specific pattern of the fermion sector we are suggesting. In Sect. 6 we summarize and discuss various phenomenological constraints and possible implications of the considered scenario. Also emphasize the model's peculiarities and novelties, which open broad prospects for further investigations. Appendix A discusses details related to the compositeness and anomaly matching conditions. In Appendix B we give details of the gauge coupling unification. In particular, the RG equations and b-factors at various energy intervals are presented. The short range renormalization of baryon number violating d = 6 operators is also performed.
Let us consider theory based on SU(5) × SU (5) ′ gauge symmetry. Besides this symmetry, we postulate discrete parity D 2 , which exchanges two SU(5)'s. Therefore, the symmetry of the model is
As noted, action of D 2 interchanges the gauge fields (in adjoint representations) of SU (5) and (5) and SU (5) ′ respectively. The λ i , λ i ′ are corresponding Gell-Mann Matrices. Thanks to the D 2 , at and above the GUT scale M G we have single gauge coupling
GUTs based on product groups allow to build simple models with realistic phenomenology [9] , [11] . In our case, as we show below, the EW part (i.e. SU(2) w × U(1) Y ) of the SM gauge symmetry, will belong to the diagonal subgroup of SU(5) × SU(5) ′ .
Potential and symmetry breaking
For G GU T symmetry breaking and building realistic phenomenology we introduce the following states
where in brackets transformation properties under SU(5) × SU(5) ′ symmetry are indicated. H includes SM higgs doublet h. Introduction of H ′ is required by D 2 symmetry. By same reason, two adjoints Σ and Σ ′ (needed for GUT symmetry breaking) are introduced. The bi-fundamental state Φ will also serve for desirable symmetry breaking.
The action of D 2 parity on these fields is:
where we have made explicit the indices of SU (5) and SU(5) ′ . With (5) and (2), one can easily make sure that, the kinetic part
The scalar potential, invariant under G GU T symmetry (of Eq. (1)) is:
with
As we see, all VEVs preserve SU(3) and SU(3) ′ groups arising from SU(5) and SU(5) ′ respectively. However, unbroken SU(2) diag is coming (as superposition) partly from SU(2) ⊂ SU(5) and partly from SU (2) ′ ⊂ SU(5) ′ . Similar applies to U(1) diag , i.e. it is superposition of two Abelian factors: U(1) ⊂ SU(5) and U (1) ′ ⊂ SU (5) ′ . Now, making the identifications
and taking into account (9), (11), and (13), we can see that GUT symmetry is broken as
where
Y denotes the SM gauge symmetry. Because of these, at intermediate scale µ = M I (∼ Φ ) we will have the following matching conditions for the gauge couplings:
where subscripts indicate which gauge interaction the appropriate coupling corresponds to (e.g. g 1 ′ is the coupling of U(1) ′ symmetry, etc). Extra SU (3) ′ factor has important and interesting implications, which we discuss below. As was mentioned, while Σ ∼ M G , the VEVs Φ and Σ ′ are at intermediate scales
with the hierarchical pattern
Detailed analysis of the whole potential, show that there is true minima along directions (8), (10), (12) with H = H ′ = 0. With Σ = Σ ′ , the D 2 is broken spontaneously. The residual SU (3) ′ symmetry will play important role and the hierarchical pattern of (18) will turn out to be crucial for successful unification (discussed below).
The hierarchical pattern (18) , of the GUT symmetry breaking, makes it simple to minimize the potential and analyze the spectrum.
Three extremum conditions, determining v Σ , v Σ ′ , v Φ along the directions (8), (10), (12) and obtained from the potential, are:
Because of hierarchies (17), (18) , from the 1 st equation of (19) , with a good approximation we obtain
By diagonalization of (31) we get two physical states h and D ′ :
We identify h with the SM Higgs doublet and set its mass squire (by fine tuning) M 2 h ∼ 100 GeV 2 . We assume the second doublet
For the mixing angle θ h we also assume θ h ≪ 1. Therefore, according to Eq. (32), the SM higgs mainly resides in D H (of H-plet), while D H ′ (i.e. H ′ ) includes light SM doublet with very suppressed weight. The radiative corrections will affect obtained expressions for the masses and VEVs. However, there are enough parameters involved and one can always get considered symmetry breaking pattern and desirable spectrum. Achieving these will require some fine tunings. Without addressing here hierarchy problem and naturalness issues, we will proceed to study various properties and phenomenology of the considered scenario. We introduce three families of (Ψ, F ) and three families of (
where in brackets transformation properties under SU (5) , 0) representation of the Lorentz group. The action of D 2 parity on these fields is determined as
It is easy to verify that, with transformations in (34) and (2), the kinetic part of the Lagrangian
We can easily write down invariant Yukawa Lagrangian
where M * , M are some cut off scales. Last two higher order operators in (38) , important for phenomenology, can be generated by integrating out some heavy states with mass at or above the GUT scale. For instance, with the scalar state Ω in (10, 10) representation of SU (5)×SU (5) ′ and D 2 parity: Ω → ← Ω † , the relevant terms (of fundamental Lagrangian) will be
With these couplings, one can easily verify that integration of Ω generates last two operators of Eq. (38) 
Being the Ω rather heavy, its only low energy implication can be emergence of these effective operators. Thus, in our further studies we will proceed with consideration of Yukawa couplings given in Eqs. (36)- (38) .
With obvious identifications, let us adopt the following notations for the components from Ψ, F and Ψ ′ , F ′ states:
Substituting in (36)- (38) the VEVs Σ , Σ ′ and Φ , the relevant coupling we obtain are:
The D 2 transformation of (34) resembles usual P parity, acting between electron and positron, within QED. Unlike the QED, the states (Ψ, F ) and (Ψ ′ , F ′ ) transform under different gauge groups.
In (41) we have dropped out the couplings with the Higgs doublet, because, as we have assumed D H ′ includes SM Higgs doublet with very suppressed weight. Also, we have ignored powers of Σ ′ /M * in comparison of Σ /M * 's exponents. As we will see, the couplings of h in (40) and terms shown in (41) , (42) are responsible for fermion masses and mixing and lead to realistic phenomenology.
Fermion Masses and Mixings. Composite Leptons.
Let us first indicate transformation properties of all matter states, given in (39) , under the unbroken
while the states from Ψ ′ , F ′ have the following transformation properties:
In transformation properties of (44), by primes we have indicated triplets and anti-triplets of SU (3) ′ . As we see, transformation properties of quark states in Eq. (43) coincide with those of the SM. Therefore, for quark masses and CKM mixing generation, first two couplings of (40) 
with these, the CKM matrix (in standard parametrization) is
Composite Leptons
Turning to the lepton sector, we note thatl andê c have opposite/conjugate transformation properties with respect to l and e c respectively. From couplings in (42) we see that these states, being vector-like, decouple acquiring masses Ml l and M e cêc . However, within this scenario, composite leptons emerge. The SU (3) ′ becomes strongly coupled and confines at scale Λ ′ ∼ TeV (for details see Sect. 4). Due to confinement, SU (3) ′ singlet composite states -mesons (M ′ ) or/and baryons (B ′ ) -can emerge. An elegant idea, of fermion emergence through the strong dynamics as bound states of more fundamental constituents, was suggested and developed in Refs. [12] - [22] . Within our scenario, this idea finds interesting realization for the lepton states. Formation of composite fermions should satisfy 't Hooft anomaly matching conditions 4 [14] . These give severe constraint on building models with composite fermions [16] [17] [18] , [20] [21] [22] .
Let us focus on the sector of (three family)q,û c andd c states, which have SU (3) ′ strong interactions. Ignoring local EW and Yukawa interactions, the lagrangian of these states possesses global G
charges ofq andq c are respectively 1/3 and −1/3. Thus, transformation properties of these states under G
chiral symmetry areq
where α = 1, 2, 3 is family index. Due to the strong SU (3) ′ attractive force, the condensates can form which will break the G (6) f chiral symmetry. The breaking can occur by several steps and at each step the formed composite states should satisfy anomaly matching conditions.
In Appedix A, we give detailed account of these issues and demonstrate that within our scenario, three families of l 0 , e c 0 , ν c 0 composite states:
emerge. In (49), for combinations (qq)q and (q cqc )q c , the spin-1/2 states are assumed with suppressed gauge and/or flavor indices. For instance, under (qq)q we mean ǫ
′ indices and i, j, k = 1, 2 stand for SU (2) w (or SU(2) L ) indices. Similar applies to the combination (q cqc )q c . Thus, (qq)q and (q cqc )q c are singlets of SU (3) ′ . From these, taking into account Eqs. (44) and (49), it is easy to verify, that the quantum numbers of composite states under SM gauge group
As wee see, along with SM leptons we get three families of composite SM singlets fermions -ν c 0 . The latter can be treated as composite right handed/sterile neutrinos in a spirit of Ref. [23] . Note that, with this composition, as was expected, the gauge anomalies also vanish (together with the chiral anomaly matching. For details see Appendix A). Interestingly, the SU (3) ′ (originating from SU (5) ′ ) triplet and anti-tripletsû c ,d c andq play role of 'preons' constituents for the bound state leptons and RH/sterile neutrinos. Moreover, in our scheme the lepton number L is related to the (5) ′ ) is the origin of the lepton number.
Charged Lepton Masses
Now we turn to the masses of the charged leptons, which are composite within our scenario. As it turn out, their mass generation does not require additional extension. It happen via integration of the states which present in the model. As we see from (41) , the matter of SU (5) ′ couples with SU (3) ′ triplet scalar T H ′ with mass M T H ′ . Relevant four-fermion operators, emerging from the couplings of Eq. (41) and by integration of T H ′ , are:
As we see, here appeared the combinations (qq)q and (û cdc )û c , which according to (49) form composite charged lepton states. We will use the parameterizations
where Greek indices denote family indices and c,c are dimensionless couplings -four index tensors in a family space. The (l 0 , e c 0 ) δ denote three families of composite leptons. Using (52) in (51) we obtain: L ef f
At next stage, we integrate out the vector like statesl, l and e c ,ê c which respectively receive masses Ml l and M e cêc through the coupling in Eq. (42) . Integrating out these heavy states, from (42) and (53) we get
Substituting these in e cT Y e c l lh † coupling of Eq. (40), we see that the effective Yukawa coupling for the leptons are generated:
The diagram corresponding to the generation of this effective Yukawa operator is shown in Fig.  1 . This mechanism is novel and differs from those suggested earlier for the mass generation of composite fermions [22] . From the observed values of the Yukawa couplings we have |DetY E | = λ e λ µ λ τ ≈ 1.8 · 10 −11 . On the other hand, natural values of the eigenvalues of Y e c l can be∼ 0.1. Thus, |DetY e c l | ∼ 10 −3 . From these and expression given in Eq. (55) we obtain
-the constraint which should be satisfied by two matricesμ 
Neutrino Masses
Now we discuss the neutrino mass generation within our scenario. In order to accommodate the neutrino data [4] , one can utilize SM singlet fermionic states, in order to generate either Majorana or Dirac type masses for the neutrinos. Within our model, among composite fermions we have SM singlets ν c 0 [see Eqs. (49), (50)]. Here we stick on possibility of the Dirac type neutrino masses, which can be naturally suppressed [23] . Because of compositeness, there is no direct Dirac couplings Y ν of ν c 0 's with lepton doublets l 0 . Similar to the charged lepton Yukawa couplings, we need to generate Y ν . For this purpose, we introduce SU(5) × SU (5) ′ singlet (two component) fermionic states N.
5 Assigning the D 2 parity transformations N → ← N and taking into account (5), (34), relevant couplings, allowed by SU(5) × SU (5) ′ × D 2 symmetry, will be:
These give the following interaction terms:
From these and Eq. (41), integration of T H ′ state give additional affective four-fermion operator
By the parametrization (û c αd c
operators in Eq. (59) are given by
Subsequent integration of N states, from (61) and last term of (58), gives:
5 Number of N states is not limited, but for simplicity we can assume that they are not more than three. Substituting this, and expression of l from Eq. (54), in first term of (58), we arrive at:
The relevant diagram generating this effective Dirac Yukawa coupling is given in Fig. 2 . With
1 eV, which is right scale to explain neutrino anomalies. Note, using (62) in the last term of Eq.
(58), we also obtain term −
By proper selection of the couplings C F N and eigenvalues of M N , the M ν c can be strongly suppressed. In this case, the neutrinos will be (quasi)Dirac. However, it is possible that some of the species of light neutrinos to be (quasi)Dirac, and some of them -Majorana's. Detailed studies of such scenarios and their compatibilities with current experiments [24] are beyond the scope of this paper.
Gauge Coupling Unification
In this section we will study the gauge coupling unification within our model. We show that the symmetry breaking pattern gives possibility for successful unification.
6 As will turn out, the SU ( , − 19 6 , −7 . In the energy interval Λ ′ − M I we have the symmetry
′ , and SU(3) ′ non singlet states (i.e.q,û c ,d c , T H ′ etc.) must be taken into account. As was noted in Sect. 2, we consider hierarchical breaking: (17) and (18)). This choice allows to have successful unification with confining scale Λ ′ ∼ few TeV.
7 Thus,between the scales M I and M I ′ the symmetry is G 321 × G 321 ′ (see Eqs. (9) and 6 Intermediate symmetry breaking pattern allows to have gauge coupling unification [25] without invoking low scale supersymmetry.
7 One can have unification with Σ ′ = 0, (i.e. M I = M I ′ ) and with modified spectrum. However, with such choice the value of Λ ′ comes out rather large ( > ∼ 10 5 GeV) and thus should be discarded from phenomenological viewpoint. (11)), and states should be decomposed under these groups (see for instance Eqs. (25), (26)). Since the breaking
′ is realized by the VEV of the fragment Φ DD ′ at scale M I , we take M DD ′ ≃ M I . Remaining three masses, of the fragments coming from Φ, can be in a range Λ ′ − M G . Giving more detailed account to these issues in Appendix B, below we sketch main details.
Above the scale M I , all matter states should be included in RG. At scale M I ′ the coupling constants of SU (3) ′ , SU(2) ′ and U(1) ′ gauge groups unify and form single coupling of SU (5) ′ . At and above the M I ′ scale, the fragments 
The couplings of G 321 ′ gauge interactions unify and form single SU(5) ′ coupling at scale M I ′ :
Finally, at the GUT scale M G , the coupling of G 321 and SU (5) ′ unify:
With solutions (B.5), (B.6) of RG equations at corresponding energy scales, and taking into account the boundary conditions (64)- (66), we derive:
where at right hand side of this equation, the couplings α Y,w,c are taken at scale M Z . The factors b
3 ′ etc.) stand for effective b-factors corresponding to the energy interval µ a − µ b and can also include 2-loop effects. All expressions and details are given in Appendix B. 
terms of remaining inputs. For instance, phenomenologically viable scenario is obtained when SU(3)
′ confines at scale Λ ′ ∼ 1 TeV. Thus, we will take Λ ′ ∼ 1 TeV and α −1 Table 1 we give selected input mass scales, leading to successful unification with
The corresponding picture of gauge coupling running is given in Fig. 3 . This result is obtained by solving RGs in 2-loop approximation. More details, including 1 and 2-loop RG factors at each relevant mass scales, are given in Appendix B.
Nucleon Stability
In this section we show that, although the GUT scale M G is relatively low (close to 5 · 10 11 GeV), the nucleon's life time can be compatible with current experimental bounds. In achieving this, crucial role is played by lepton compositeness, because leptons have no direct couplings with X, Y gauge bosons of SU (5) . The baryon number violating d = 6 operators, induced by integrating out of the X, Y bosons, are
where g X is the SU(5) gauge coupling at scale M X (the mass of X, Y states). According to Eq. (54), the states l, e c contain light leptons l 0 , e c 0 . Using this and going to mass eigenstate basis (with Eqs. (45), (46)), from (69) we get operators:
where in (70) we have suppressed the color indices. Similar to quark Yukawa matrices, the charged lepton Yukawa matrix has been diagonalized by transformation
. All fields in (70), are assumed to denote mass eigenstates. We have ignored the neutrino masses (having no relevance for the nucleon decay) and rotated the neutrino flavors ν 0 = L * e ν similar to the left handed charged leptons e 0 = L * e e. As we will show now, with proper selection of appropriate parameters (such asμ
Ml lμ
and/or corresponding entries in some of unitary matrices), appearing in (71), we can adequately suppress nucleon decays within our model. 8 Upon the selection of parameters, the constraint (56) must be satisfied in order to obtain observed values of charged fermion masses. Introducing the notations
the couplings in (71) can be rewritten as
Since the matrices U, L and R are not fixed yet, for their structures we will make the following selection:
where '×' stands for some non zero entry. With this structure, we see that for α, β = 1, 2 we have C (e c ) αβ = C (e) αβ = 0, and therefore, nucleon decays with emission of the charged leptons do not take place. With one more selection we will be able to eliminate some nucleon decay modes (but not all) with neutrino emissions. We can impose one more condition, involving U 12 and U 13 entries of U, in such a way to have (UP * 1 V CKM ) 11 = 0. The latter, in expanded form, reads:
and leads to C (ν) 12γ = C (ν) 11γ = 0. Thus, the decays p →νπ + , n →νπ 0 , n →νη do not take place.
Non-vanishing relevant
21γ , which taking into account (74) and (75) are
where in last step we have used standard parametrization of the CKM matrix. Since the matrix U is unitary, doe to selection U 11 = 0 and unitarity condition we will have |U 12 | 2 + |U 13 | 2 = 1. With this, by Eq. (75) and using central values [28] of CKM matrix elements, we obtain |U 12 | ≃ 0.038, |U 13 | ≃ 1 and |
Taking into account all this, for expressions of p →νK + and n →νK 0 decay widths we obtain [29] : 
. This dictates an upper bound for the proton lifetime τ p = τ (p →νK + ) < ∼ 5 · 10 34 years and allows to test the model in a future [32] .
Besides X, Y gauge boson mediated operators, there are d = 6 operators generated by exchange of colored triplet scalar T H . From the couplings of Eq. (40), we can see that integration of T H induces baryon number violating
tors, which lead to the couplings
Couplings C ab appearing in these operators are independent from Yukawa matrices and proper suppression of relevant terms are possible (similar to the case of couplings in Eq. (73)), leaving fermion masses and mixing pattern consistent with experiments. In order to make more definite statement about the nucleon lifetime, one has to study in detail the structure of fermion mass matrices. In this respect, extension with flavor symmetries is motivated framework and can play crucial role in generating the desirable Yukawa textures (guaranteeing the forms given in Eq. (74)). However, this study is beyond the scope of this paper.
Various Phenomenological Constraints and Implications
In this section we discuss and summarize some peculiarities, phenomenological implications of our model and constraints needed to be satisfied in order to be consistent with experiments. Also we list issues opening prospects for further investigations within presented scenario.
(i) The discovery of the Higgs boson [1] , with mass ≈ 126 GeV, revealed that the Standard Model suffers from vacuum instability. Detailed analysis have shown [2] , that due to RG, the Higgs self coupling becomes negative near the scale ∼ 10 10 GeV. Since within our model, above Λ ′ scale new states appear, this problem can be avoided. As was mentioned in Sect. 2, in our model light SM doublet h dominantly comes from H-plet. The coupling λ H (H † H) 2 gives the self interaction term λ h (h † h) 2 (with λ h ≈ λ H at GUT scale). The running of λ h will be given by
where β SM λ h corresponds to the SM part, while ∆β λ h accounts for new contributions. Since the H-plet in the potential (7) has additional interaction terms, some of those couplings can help to increase λ h . For instance, the couplings λ 1HΦ , λ 2HΦ ,ĥ etc, contribute as
Detailed analysis require numerical studies by solving the system of coupled RG equations (involving multiple couplings 9 ). While this is beyond the scope of this work, we see that due to positive contributions (see above) into the β-function, there is potential to prevent λ h becoming negative all the way up to the Planck scale.
(ii) Since in our model leptons are composite, there will be additional contributions to their anomalous magnetic moment, given by [15] : The selected value of Λ ′ , within our model (Λ ′ = 1851 GeV), fits well with this bound. 10 The value of δa e is more suppressed (for Λ ′ ≃ 1.8 TeV we get δa e ∼ 10 −13 ) and is compatible with experiments (δa exp e ≈ 2.7·10 −13 ). Planned experiments [35] with reduced uncertainties will provide severe constraints and test viability of the proposed scenario.
Similarly, having flavor violating couplings at the level of constituents (i.e. in the sector of SU (3) ′ fermionsq,û c ,d c ), the new contribution in e α → e β γ rare decay processes will emerge. For instance, contribution in µ → eγ transition amplitude will be ∼ λ 12 mµ (Λ ′ ) 2 , where λ 12 is (unknown) flavor violating coupling coming from the Yukawa sector ofq,û c ,d
and, for Λ ′ ≃ 1.8 TeV, the constraint λ 12 < ∼ 4 · 10 −4 should be satisfied in order to be consistent with the latest experimental limit Br exp (µ → eγ) < 5.7 · 10 −13 [36] .
(iii) As was mentioned in Sect. 3.2 (and will be discussed also in Appendix A), the matter sector of SU (3) ′ symmetry (ignoring EW and Yukawa interactions) possesses G (6) f chiral symmetry with sextets 6 L ∼q α and 6 R ∼q c α (see Eqs. (47) and (48)). The breaking of this chiral symmetry proceeds by several steps. At first stage, at scale Λ
f . However, these condensates preserve SM gauge symmetry. At next stage (of chiral symmetry breaking), the condensate 6 L 6 R ≡ F π ′ , together with the Higgs VEV h ≡ v h , contribute to the EW symmetry breaking. The F π ′ denotes decay constant of (techni) π ′ meson and should satisfy v
2 . With the lightest (very SM like) Higgs boson mainly residing in h and with F π ′ < ∼ 0.2v h , the h's signal will be well compatible with LHC data [37] . Since the low energy potential would involve VEVs 6 L 6 L T † H ′ , 6 R 6 R T H ′ , F π ′ and v h , obtaining mild hierarchy
∼ 1/40 will be possible by proper selection (not by severe fine tunings) of parameters from perturbative and non perturbative (effective) potentials. Situation here (i.e. symmetry breaking pattern, potential (being quite involved because of these VEVs) etc.) will differ from case obtained within QCD with SU(n) L × SU(n) R chiral symmetry and with n L × n R condensate only [38] . Moreover, the hierarchy between the confinement scale and the decay constant can have some dynamical origin (see e.g. Refs.
11 [39] ). Without addressing these details, our approach was rather phenomenological, with assumption F π ′ /v h < ∼ 0.2 and h being Higgs boson (with mass ≈ 126 GeV), such that there is allowed window for heavier π ′ state such that model is compatible with current experiments [41] . Models with partially composite Higgs, in which light Higgs doublet has some ed-mixture of composite (techni-pion π ′ ) state, with various interesting implications (including necessary constraints, limits and compatibility with LHC data) were studied in [37] . In addition, it is rather generic that, the model with composite leptons will be accompanied with excited massive leptons (lepton resonances). Current experiments have placed low bounds on masses of excited electron and muon to be heavier than ∼ 1.8 TeV. This scale is close to the value of Λ ′ we have chosen within our model, and allow to test lepton substructure [42] hopefully in not far future. More details, related to these issues, deserve separate investigations.
(iv) Since the condensate 6 L 6 R = F π ′ , by some amount, can contribute to the chiral (of SU (3) ′ strong sector) and EW symmetry breaking, the scenario shares some properties of hybrid technicolor models with fundamental Higgs states. Moreover, together with techni-pion π ′ , near the Λ ′ scale there will be techni meson states ρ T , ω T , etc, with peculiar signatures [43] , [44] , which can be probed by collider experiments.
Finally, it would be interesting to build supersymmetric extension of the considered SU(5) × SU (5) ′ × D 2 GUT and study related phenomenology. These and related issues will be addressed elsewhere.
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A Composite Leptons and Anomaly Matching
Here we demonstrate how the composite leptons emerge within our scenario, and also discuss anomaly matching conditions. As was noted in Sect. 3.2, the sector ofq,û c andd c states have G (6) f chiral symmetry (see Eq. (47)) with the transformation properties of these states given in Eq. (48). At scale SU (3) ′ interaction becomes strong, the G
f symmetry breaking condensates can be formed. The chiral symmetry breaking can proceed through several steps, and at each level the formed composite states should satisfy anomaly matching conditions [14] .
The bi-linear (SU(3) ′ invariant) condensate can be 6 L ×6 R = F π ′ , with corresponding breaking scale F π ′ . As was shown in [38] , with only fundamental states, the chiral symmetry SU(n) L × SU(n) R will be broken down to the diagonal SU(n) L+R symmetry. Since in our case F π ′ also contributes to EW symmetry breaking, we have a bound F π ′ < ∼ 100 GeV. This scale, in comparison with Λ ′ ∼ few×TeV, can be ignored at first stage. Moreover, in our case the light SU (3) ′ non singlet field content is reacher and chiral symmetry breaking pattern is also different. Other SU (3) ′ invariant condensates, including matter bi-linears, are
Note, that product of SU (6) 
Indeed, with respect to G qqT H ′ = ûdT † H ′ and û cdc T H ′ combinations, which leave G SM gauge symmetry unbroken. Therefore, the values of these condensates can be ∼few·TeV(∼ Λ ′ ) without causing any phenomenological difficulties. Thus, as the first stage of the chiral symmetry breaking, we stick to the channel
The SU(6) L,R sextets under G (4, 2) L,R are decomposed as 6 L = (4, 1) L + (1, 2) L and 6 R = (4, 1) R + (1, 2) R respectively. If composite objects are picked up as ( 
, then one can easily check out that the anomalies (of initial and composite states) indeed match and (4 ′ , 1) L,R and (1, 2 ′ ) L,R can be identified with three families of leptons plus three states of RHN/sterile neutrinos. For demonstrating all these, it is more convenient to work in different basis. That would also make simpler to identify composite states.
As it is well known (and in our case turns out more useful), one can describe the SU(6) symmetry (and its representations as well) by its special subgroup ('S-subgroup' [45] ) SU(3) f ⊗ SU(2) ⊂ SU (6) . In our case:
Under these S-subgroups sextets decompose as:
In these decompositions,q andq c can be written as matrices 8) where schematically actions of SU (3) and SU (2) 
transformations of (qq)q and (q cqc )q c composites under G (2, 2) f are: 
B RG Equations and b-Factors
In this Appendix we discuss details of gauge coupling unification and present one and two-loop RG coefficients at each relevant energy scales. At the end we calculate short range renormalization factors A l S and A e c S for baryon number violating d = 6 operators within our model. The two loop RG equation, for gauge coupling α i , has the form [46] :
b i and b ij account for 1 and 2-loop gauge contributions respectively, and c f i for two loop correction via Yukawa coupling λ f . For consistency, it is enough to consider the Yukawa coupling RG at 1-loop approximation:
RG factors can be calculated using general formulae [46] . Since at different energy scales different states appear, these factors also change with energy. For instance, at scale µ, the b i and b ij can be written as
, where a stands for the state with mass M a and step function θ(x) = 0 for x ≤ 0, and θ(x) = 1 for x > 0.
Integration of (B.1), in energy interval µ 1 − µ 2 , gives
where an effective b
factor is given by
13 Under combination (qq)q (suppressed gauge/chiral indices) we mean ǫ
′ indices and i, j, k = 1, 2 stand for SU (2) L /SU (2) w indices. Similar is applied to the combination (q cqc )q c .
The second and third terms in (B.4) can be evaluated iteratively [47] . ′ gauge symmetry appears between scales M I and M I ′ , while SU (5) ′ appears above the M I ′ scale. Therefore, we will have
From (B.5), (B.6) and taking into account the boundary conditions (64)-(66), we arrive at relations given in Eq. (67). The four equations in (67) allow to determine M I , M I ′ , M G and α G in terms of other input mass scales. The latter must be selected in such a way as to get successful unification. This has been done numerically and results are given in Table 1 , Eq. (68) and Fig. 3 . Now we present all RG b-factors needed for writing down RG equations. In the energy interval µ = M Z − Λ ′ the RG factors are just those of SM: (5) ′ is given as: 13) where M T5 ′ = max(M T T ′ , M T D ′ ) denotes mass of (3, 5) -plet, which includes Φ T T ′ and Φ T D ′ states: (Φ T T ′ , Φ T D ′ ) ⊂ Φ T5 ′ . The 2-loop b ij factors, above the scaleM I ′ , form 4 × 4 matrices and are: 
